Introduction
According to the Taylor's analysis, a zero-beta plasma with small but finite resistivity relaxes to the minimum energy state, so called, force-free equilibrium when it is confined by a perfectly conducting shell(1) (2) . For cylindrical configuration the analytical solution of the force-free equation can be easily obtained in terms of Bessel functions. In toroidal system, however, it is much more difficult to solve the force-free equation analytically. For large aspect ratio, the results of cylindrical approximation(3), or approximate solutions using the inverse aspect ratio expansion method(4)(5) have been reported. While, for small aspect ratio, the force-free equation has been solved numerically with finite difference method (6) , Galerkin method (7) or point matching method using Bessel functions (8) varied the upper limit of l from 10 to 14 and from the upper limit of l to 28 for the upper limit of n.
When the upper limit of n is larger than that of l, Eq. (23) Numerical results show that the eigenvalue increases with decreasing aspect ratio and for R/a= eigenvalue between antisymmetric torus and cylinsymmetric case. These results can be inferred from the profile of the magnetic surface shown in Fig. 3 .
In the symmetric case, the topological change in magnetic surface between the torus and the cylinder occurs, while there is no such change and two profiles are similar in the antisymmetric case.
As mentioned above, in the case of circular crosssection, we can obtain the eigenvalue by using the symmetric one for elliptical cylinder case. In the case of torus, the dependence of the eigenvalue on the aspect ratio is complicated. For low ellipticity [ Fig. 4 (a) , (b)], it is similar with the case of circular cross section. When the aspect ratio is large, the antisymmetric eigenvalue is smaller than the symmetric one and for low aspect ratio this situation is reversed. However, for high ellipticity [ Fig. 4 (c)] , the antisymmetric eigenvalue is always smaller than the symmetric ones. Fig.5 shows some examples of the magnetic surface for the eigenvalue when b/a=1.2, R/a=1.4. The symmetric ones correspond to the flux-free eigenvalues. The profiles of the antisymmetric,magnetic surface of the torus and cylinder show some resemblance to each other, while in the symmetric case, topological change which does not appear in the case of high aspect ratio can been found. When the ellipticity becomes large, that topological change of magnetic surface does not appear as shown in Fig. 6 where b/a =2 .0, R/a=1.6 and the lower half of the ellipse is omitted. 
Conclusion
We have solved the force-free magnetic field equation antisymmetric with respect to the equatorial plane in the axisymmetric torus and presented a set of fundamental solutions each of which asymptotically approaches that for the cylindrical geometry. Using these solution, the eigenvalue are calculated for tori of circular and elliptical crosssection. In the case of circular cross-section, the antisymmetric eigenvalue is always larger than the symmetric one. On the other hand, in the case of elliptical cross-section, the former is larger than the latter when the aspect ratio is small and the ellipticity is low. This result is opposite to the cylindrical approximation.
In order to obtain the smallest eigenvalue, we must investigate the non-axisymmetric solution of the force-free magnetic. It is expected that the analysis of this paper should be applicable to the investigation of the non-axisymmetric force-free magnetic field. 
